Now-a-days the tall buildings are the symbol of urbanization. Lateral forces are the major factor which distinguishes the tall buildings from other low rise buildings and wind force is the most significant lateral force on the tall buildings. Wind around high-rise buildings in cities may create serious problems even at the pedestrian level. This problem may lead to discomfort of the pedestrians and occupants of the low rise building near tall buildings. The level of disturbance to the users of pedestrian areas can be different depending on the characteristics of the wind, including mean magnitude, uniformity, ambient temperature, etc. If wind characteristics are assessed properly, then remedial measures may be taken. The wind-tunnel experiments are considered to be the most suitable approach for the evaluation of such effects, but now-a-days Computational Fluid Dynamics (CFD) numerical techniques can be a good alternative to costly and time consuming experimentation. In this paper the issues of pedestrian wind environment near tall buildings and interference effect in two and three tall buildings is addressed. These tall buildings of same cross sections are placed in tandem. The shorter one (h) is placed in front of the taller building (2h). Effect of the presence of a shorter building in front of a taller building on the wind characteristics has been discussed. Another building of same height (h) as that of the shorter building is also introduced to investigate the effect in between two existing buildings. The effect of spacing to height ratio on pressure at pedestrian level is also developed through CFD. ANSYS FLUENT has been used for the simulation of the wind flow around buildings.
Introduction
Wind conditions around the buildings due to tall buildings or structures may generate adverse and sometimes dangerous environmental problem at the pedestrian level. Though this problem was observed nearly 200 years ago through field observations, but wind-tunnel study started much later (Wise et al. 1965 (Wise et al. , 1970 . Since then the research on this topic continued and guidelines have been developed by different researchers. Jamieson et al. (1992) explained the effect of architectural shapes on pedestrian-level wind speeds. Wind tunnel experiments were conducted by Stathopoulos (1995) on isolated buildings, twin buildings and more complex building combinations. Stathopoulos and Baskaran (1996) also performed computer simulation of wind flow conditions around buildings. Blocken (2004) described about modification of pedestrian wind comfort in the Silvertop Tower and also the increment in the wind velocity between the two tall buildings due to interference effect. Recently carried out CFD simulation to calculate the pedestrian wind comfort and wind safety in urban areas. However, limited studies are available for a set of tall buildings incorporating their interference effects.
Requirements for pedestrian-level wind studies
Wind flows at ground level and its effect on pedestrians are important due to direct relation with human comfort. Fluctuation in turbulence and wind direction affect mean wind speeds as well as human comfort and safety. At ground, the characteristics of wind are low mean speed, high turbulence intensity, and high shear stress. The turbulent flows within a low frequency range (at 2-s to 3-s gusts) are critical to pedestrian comfort and safety.
Pedestrian level wind
When wind strikes a tall building surface and gets deflected towards the ground, it generates high wind speeds and as well as pressure on the windward side as well as near the corners of the buildings at pedestrian level. According to Simiu et al. (1996) , it can be concluded that strong wind occurs at pedestrian area of tall building as shown in Fig. 1 . Regions A, B and C are associated with the three types of flow described as below: 1) Vortex flow near the ground level between buildings (i.e. at region A), 2) Downward air flows passing around windward buildings corners (i.e. at region B), and 3) Air passing through the covered corridors at the ground level connecting the windward side to the leeward side of buildings (i.e. at region C). 
Problem description:
CFD techniques have been adopted for the estimation of wind flow around the building. Two tall buildings of same plan dimensions are placed in tandem to estimate the wind pressure near the pedestrian and the simulation of wind flow around the buildings. The distance ( ) between the taller (2h) and shorter (h) building are varied to confirm the effect of spacing between the buildings on pressure distribution throughout the height of the taller (2h) building and amplification of wind pressure near the pedestrian level. Then another building of same plan dimension and height equals to 'h' is placed between the two existing tall buildings and wind pressure throughout the height is compared. In a particular case, that intermediate single tall building of height h is attached to the taller building to reduce the pressure on pedestrian level. The pressure at pedestrian level for that building configuration is also compared. The following building configurations ( 
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Modelling of Wind flow in numerical domain through CFD:
The dimensions of the computational domain are L× W × H = 3 × 2 × 2 m 3 , which is fixed according to Revuz et al. (2012) . Principal building (b×d×2h= 0.05x0.05x0.4m
3 ) model is placed at 1.025 m, distance from inlet and subsequently second interfering building model (b×d×h=0.05x0.05x0.2m
3 ) is placed at ' ' distance from the principal building in tandem and the blockage ratio is 0.5%. An unstructured hexahedral grid is created in the vicinity of the buildings. Different sizes of mesh are used throughout the domain. Total 12x10 5 numbers of hexahedral cells have been used for the simulation. CFD code Fluent v14.5 is used to solve the 3D Reynolds-Averaged Navier-Stokes (RANS) equations and the continuity equation, using the finite volume method. Realizable k-model is used for turbulence modelling. SIMPLE algorithm is used for pressure-velocity coupling. Pressure interpolation is second order. As pressure based solver is used, first-order upwind discretization schemes are used for both the convection terms and the viscous terms of the governing equations, i.e. conservation of mass and momentum equations. Near wall treatment is done near the domain bottom as well as around the building model periphery. The distance (y p ) between the centre point of the wall-adjacent cells and the ground surface is decided according to the Reynolds number and y+ (30< y+<100) value and is fixed at 0.001 m in simulation scale. Roughness height decided to simulate sand grain roughness, is 2.5 x 10 -6 m. Atmospheric Boundary Layer (ABL) is simulated inside the numerical domain using User Defined Function (UDF) in ANSYS FLUENT (Fig.4) .Turbulence level is varied throughout the domain height using a UDF (Fig.5) . 
Results
Two tall buildings are placed in tandem in the ABL on model scale and velocity around the building is showing fair agreement with the published results (Blocken et al. 2004 ) on pedestrian wind velocity near tall buildings and the interference effect on the wind velocity between two tall buildings (Fig 6). Fig 7 shows the velocity vectors near the periphery of the building. The distance between the two tall buildings of same cross-section is varied and pressure profile on the taller building is observed (Fig. 8) . The spacing between the two tall building taller (2h).and shorter (h) is noted as . 
Fig. 7 Velocity vectors around the two building
The spacing between the tall buildings ( ) is varied to identify the appropriate placement of buildings with respect to pedestrian wind pressure The Fig.8 shows that, as the /h ratio decreases pressure increases i.e. as two building placed in tandem, comes closer the pressure is maximum. For /h=1.5, pressure at pedestrian level is minimum but beyond this point there again an increase in pressure possibly due to shifting away from the shielding effect of shorter building. Fig.9 shows a perfect trend of wind pressure at ground level versus /h ratio. In another case a tall building is introduced in between the buildings in tandem and pressure at ground level is estimated. The distance between the extreme tall buildings is kept constant at ' '. The distance (is it clear distance or centre line distance) between the interfering and intermediate tall building is decided as'd' which is a variable. The velocity contours and vectors are shown in Fig. 10 and Fig. 11 respectively. The downwash effect is still prominent near the taller (2h) building. Pressure distribution along the height of taller (2h) building is calculated for different building configuration (d/h) is shown in Fig. 12 . Another shorter building is also placed as an integral part of taller building and that reduces the pressure considerable amount at pedestrian level. Other building configuration ( /d) did not prove to be effective. (Fig. 13) between 0.1H to 0 (near pedestrian level) of the taller building varies by almost three times vis-a-vis the shorter building. This behaviour is particularly due to combination of interference effect and downwash effect of wind.
Pedestrian level pressure 2) Velocity in low pressure region (Fig. 6 ) between two buildings gets amplified by 30% of average velocity for domain without building. This happens due to wind recirculation which agrees with Blocken et al. (2004) .
3) Pedestrian wind pressure depends on spacing ( ) to height (h) ratio and at /h=1.5 the pressure on zero th level is minimum (Fig. 8) .
4) The intermediate building in between the tall buildings amplifies the wind flow near the pedestrian level of taller building (2h). The wind pressure near the pedestrian level of the tall building is increased due to down wash. So, this strategy is not satisfactory.
5) The placement of an adjacent shorter building attached to the taller building reduces the pressure on building by about 65% (Fig. 12) . It also agrees with the effectiveness of podium in reducing pressure near the tall building.
6) CFD simulation can be used as an alternative to wind tunnel and full scale testing if the CFD model is validated with experimental results. So before the assessment of the pedestrian wind characteristics whole surrounding has to be modelled for actual determination of wind pressure near the pedestrian level.
